Activation of the ubiquitin-proteasome system against arsenic trioxide cardiotoxicity involves ubiquitin ligase Parkin for mitochondrial homeostasis.
Parkin is an E3 ubiquitin ligase involved in the elimination of damaged mitochondria. Ubiquitination of mitochondrial substrates by Parkin results in proteasomal as well as lysosomal degradation of mitochondria, the latter of which is executed by the autophagy machinery and is called as mitophagy (mitochondrial autophagy). The aim of this study is to examine the possible role of Parkin against cardiotoxicity elicited by arsenic trioxide (ATO) exposure in HL-1 mouse atrial cardiomyocytes. HL-1 cells were administered 1-10μM ATO for up to 24h, and the involvements of apoptosis, and the ubiquitin-proteasome and autophagy-lysosome systems (UPS and ALS) were examined. ATO dose-dependently reduced mitochondrial membrane potentials (ΔΨm) in HL-1 cells, indicating that ATO works as a mitochondrial toxin in these cells. Apoptosis was evident in cells exposed to more than 6μM ATO for 24h. Levels of Parkin in mitochondria-rich fractions were increased, suggesting the recruitment of Parkin to mitochondria. Ubiquitination of the voltage-dependent anion channel1 (VDAC1), a substrate of Parkin, was also proved by immunoprecipitation. Accumulation of ubiquitinated proteins including both K48- and K63-lineages was observed in HL-1 cells after ATO exposure, implying an increased demand for proteasomal as well as lysosomal degradation of cellular proteins. Although UPS was activated by ATO as proved by increased proteasomal activity, only slight activation of the ALS marker LC3 was observed, suggesting differential reactions of UPS and ALS to ATO toxicity. The abrogation of UPS by the proteasome inhibitor bortezomib significantly sensitized HL-1 cells to ATO toxicity, showing the contribution of UPS to the maintenance of cellular homeostasis during ATO exposure. Taken together, our results reveal the activation of Parkin as well as UPS during ATO exposure in HL-1 cardiomyocytes, which contributes to the maintenance of mitochondrial as well as cellular homeostasis.